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ABSTRACT 

invention provides for a novel means for obtaining 
hurnan idiologs for any non-hurnan antibody to any target by 
epitope guided replacement of variable regions using com 
petitive cell-based methods in Which the competitor can be 
either the reference antibody or a ligand that binds to the 
same epitope on the target as the reference antibody. 
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ANTIBODY AFFINITY ENGINEERING BY SERIAL 
EPITOPE-GUIDED COMPLEMENTARITY 

REPLACEMENT 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/447,846, ?led on Feb. 13, 
2003, the teachings of Which are herein incorporated by 
reference. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

[0002] NOT APPLICABLE 

REFERENCE TO A “SEQUENCE LISTING,” A 
TABLE, OR A COMPUTER PROGRAM LISTING 

APPENDIX SUBMITTED ON A COMPACT 
DISK. 

[0003] NOT APPLICABLE 

BACKGROUND OF THE INVENTION 

[0004] Many therapeutic targets suitable for antibody 
mediated therapy have been validated With the use of 
non-human antibody reagents, and this process is expected 
to continue for the many neW therapeutic targets for anti 
bodies Which are expected to emerge from the human 
genome in the coming years. As a target becomes validated 
for therapy, the antibodies, typically murine, used to validate 
the target become leads for the development of biologic 
drugs. HoWever, for many therapeutic applications the ef? 
cacy and safety of non-human antibodies are severely com 
promised by their tendency to induce strong immune 
responses in patients, as a result of Which the antibodies are 
eliminated and lose ef?cacy. In cases Where very large doses 
must be used, there is also a risk of systemic anaphylactic 
response With unacceptably toxic consequences. Thus, 
before such antibodies can be approved for therapeutic use 
they must be replaced With human counterparts having 
equivalent bioactivity, or they must be “humanized” in some 
Way to eliminate or minimiZe immunogenicity in humans. 
Existing methods for the isolation of human antibodies With 
required bioactivities for therapeutic use, or for “humaniZ 
ing” non-human antibodies for therapeutic use, have many 
limitations Which are overcome by the systems and methods 
of the present invention. 

[0005] Established methods for the isolation of antigen 
speci?c human antibodies include the screening of hybri 
domas (Kohler & Milstein, 1975, Nature 256:495-497) from 
mice Which transgenic for the human immunoglobulin loci 
(refs), and the in vitro display methods, Which include phage 
display (e.g., McCafferty et al., 1990, Nature 348:552-554), 
yeast display (e.g., Boder and Wittrup, 1997, Nat Biotechnol 
15 :553-557), and ribosome display (e.g., Hanes and Pluck 
thun, 1997, Proc NatlAcad Sci USA 94:4937-4942). These 
methods have yielded many useful human antibodies, hoW 
ever, they alloW little control over epitope selection, making 
the isolation of antibodies With bioactivities Which are 
equivalent to those of non-human therapeutic lead antibod 
ies a highly uncertain enterprise. 
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[0006] Hybridoma methods rely on the humoral immune 
responses of mice, and are therefore subject to the uncer 
tainties of such responses, Which may include epitope biases 
and failure to respond Well to antigens Which are homolo 
gous to host proteins. Epitope biases may arbitrarily exclude 
antibodies from selection Which bind to certain epitopes on 
the native antigen surface, Which do not elicit useful 
responses in mice. Such excluded epitopes often include 
epitopes Which are required for desired bioactivities. In fact, 
selection in mice may often be biased against desired 
bioactivities precisely because such bioactivities may inter 
fere With the immune response of the animal. Furthermore, 
mice transgenic for human immunoglobulin loci generally 
do not express the full complement of human diversity, and 
therefore the success rates for desired affinities and speci 
?cities tend to be even loWer than With conventional mice. 
Hybridoma methods are also hampered by time and labor 
demands. Available screening methods are highly inefficient, 
requiring many man-hours to screen even modest numbers 
of clones for desired speci?cities and affinities. 

[0007] The principal limitations of the display technolo 
gies stem from the requirement for antigen stability in vitro, 
and from the lack of robust methods for af?nity maturation. 
For selection of antibodies in vitro, antigens must be puri?ed 
and immobiliZed on arti?cial surfaces, and they must remain 
stable in this state typically for many hours before bound 
antibodies can be recovered from them. Most proteins 
undergo varying degrees of denaturation When attached to 
foreign materials, and this produces strong epitope biases. 
Because the kinetics of binding to immobiliZed antigens are 
sloW, prolonged periods of exposure are required, and this 
too increases the risk of denaturation. When antigens and 
antibodies denature, non-speci?c binding may occur, and if 
denaturation occurs after binding, binding may become 
irreversible and bona-?de binders may thus be lost. 

[0008] Chain-guided selection has been used With phage 
display in an attempt to bias human antibody selection 
toWard epitopes bound by non-human lead antibodies (Hoo 
genboom ref and patent). This strategy has met With only 
limited success, hoWever, due to the great dif?culty of 
?nding a suitable heavy chain using a light chain guide. 
Light chain V-regions Which have been affinity matured in 
vivo typically have little direct af?nity for the antigen, but 
rather have been extensively optimiZed for stabiliZation of 
the complex With their high-af?nity heavy chain partners. 
Thus, heavy chains Which fortuitously coordinate With an 
af?nity-matured light chain from another species to bind the 
same epitope in the same orientation With comparable 
af?nity must be exceedingly rare in human heavy chain 
repertoire libraries. The problem is compounded by the fact 
that phage display libraries are heavily biased toWard anti 
body chains Which express Well in bacteria, Which in fact 
comprise only a small minority of natural human antibody 
chains. Thus, even if suitable heavy chain partners for the 
guiding light chains exist in the repertoire they are likely to 
be lost in the process of generating the phage-displayed 
library. 

[0009] The most Widely used methods for minimiZing the 
immunogenicity of non-human antibodies While retaining as 
much of the original speci?city and af?nity as possible 
involve grafting the CDRs of the non-human antibody onto 
human germline frameWorks selected for their structural 
homology to the non-human frameWork (Jones P T, Dear P 
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H, Foote J, Neuberger M S, Winter G. Replacing the 
complementarity-determining regions in a human antibody 
With those from a mouse. Nature. 1986 321:522-5.). Typi 
cally this results in a substantial loss of af?nity, at least some 
of Which can be regained by making mutational adjustments 
in the structure based on sophisticated modeling techniques 
combined With trial and error. Often recovery of af?nity 
requires retaining some residues from the non-human par 
ent. In spite of this, hoWever, in many cases the full affinity 
of the original non-human antibody has not been recovered. 
Exemplary methods for humaniZation of antibodies are 
disclosed in, for example, US. Pat. No. 6,180,370. 

BRIEF SUMMARY OF THE INVENTION 

[0010] This invention provides for a novel means to 
generate improved antibodies. The general approach is des 
ignated antibody engineering by Serial Epitope-Guided 
Complementarity Replacement or SECRTM. 

[0011] The invention relates to neW antibody composi 
tions, interaction systems incorporating these novel antibody 
compositions, and methods of using these interaction sys 
tems and the novel antibody compositions. In one embodi 
ment, the novel antibody compositions of the invention 
comprise antibodies in complexes With other components of 
an interaction assay. In other embodiments, the novel anti 
body compositions comprise hybrid antibodies that have one 
antibody chain from a reference antibody and a second 
antibody chain from a different source. The antibodies of the 
invention can be in the form of Fab, scFv, Fv, dab, Fd 
fragments, single heavy chain v-region domains (VH), 
single light chain v-region domains (VL), light chain-light 
chain antibody, heavy chain-heavy-chain antibody, and 
single light chains or heavy chains. In one embodiment, the 
compositions of the invention comprise a plurality of anti 
bodies individually complexed to a component of an inter 
action system. In a preferred embodiment, the plurality of 
antibodies is a library of antibodies having a desired level of 
diversity. 

[0012] The interaction systems of the invention can be 
used to replace the antigen-binding variable region domains 
(V-regions) of a reference antibody With unrelated V-regions 
that bind to the same antigen. In a preferred embodiment the 
replacement antibody binds to the same epitope as the 
reference antibody. Antibodies speci?c for an antigen are 
isolated from the libraries of the invention by using the 
antigen as a “bait” molecule in one of the interaction systems 
of the invention. 

[0013] A non-human reference antibody can be rendered 
non-immunogenic in humans using the interaction systems 
of the invention in a process in Which the V-regions of the 
reference antibody are replaced one at a time With V-regions 
from diverse libraries of human V-regions While retaining 
the original binding speci?city of the reference antibody. 
This strategy, termed Serial Epitope-guided Complementa 
rity Replacement (SECR), is enabled by setting up a com 
petition in cells betWeen a “competitor” and a library of 
diverse hybrids of the reference antibody (“test antibodies”) 
for binding to limiting amounts of antigen in the presence of 
a reporter system Which responds to the binding of test 
antibody to antigen. In one embodiment the competitor is the 
reference antibody or derivative thereof such as a single 
chain Fv fragment. In another embodiment the competitor is 
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a natural or arti?cial ligand of the antigen Which binds to the 
same epitope as the reference antibody. Arti?cial ligands 
might include scaffolded peptides selected from random 
peptide libraries displayed on the surface of a protein 
scaffold such as thioredoxin. The only requirements of the 
competitor are that it bind the same epitope as the reference 
antibody, and that it compete With the reference antibody for 
antigen binding in one of the interaction systems of the 
invention. In all embodiments the test antibodies are hybrids 
of the reference antibody having one antigen-binding V-re 
gion in common from the reference antibody, and the other 
V-region is selected at random from a diverse source such as 
a repertoire library from non-immune donors. The common 
V-region from the reference antibody serves as a guide, 
positioning the test antibodies on the same epitope on the 
antigen, and in the same orientation, so that selection is 
biased toWard the highest antigen-binding ?delity to the 
reference antibody. 

[0014] Many types of reporter system may be used in the 
invention to detect desired interactions betWeen test anti 
bodies and antigen. For example, complementing reporter 
fragments, such as those disclosed in US. patent application 
Ser. No. 09/526,106 may be linked to antigen and test 
antibody, respectively, so that reporter activation by frag 
ment complementation only occurs When the test antibody 
binds to the antigen. When the test antibody- and antigen 
reporter fragment fusions are co-expressed With a competi 
tor, reporter activation becomes dependent on the ability of 
the test antibody to compete With the competitor, Which is 
proportional to the af?nity of the test antibody for the 
antigen. Similarly, the reporter-inhibitor fusion and the reac 
tivator of an auto-inhibited reporter reactivation system or 
RAIR, such as those disclosed in US. patent application Ser. 
No. 10/208,730, may be fused to antigen and test antibody 
and used in the same Way to select antigen-binding antibod 
ies in the presence of competitors. Alternatively, the reporter 
and inhibitor of a competitive activation system COM 
PACTM, such as those disclosed in US. patent application 
Ser. No. 10/076,845, may be linked to antigen and competi 
tor, so that the reporter is inhibited by antigen-competitor 
binding, and activated in the presence of any test antibody 
that competes With the competitor for antigen binding. 

[0015] In a SECRTM selection each cell expresses a single 
test antibody along With the competitor, antigen, and 
reporter components, so that each test antibody competes 
one-on-one With the competitor for binding to limiting 
antigen, and the activity of the reporter is proportional to the 
amount of antigen bound to the test antibody, Which in turn 
is proportional to the af?nity of the test antibody for the 
antigen and the stability of the test antibody. Test antibodies 
are initially selected on the basis of their activity relative to 
that of the reference antibody When expressed as the test 
antibody. The result of the ?rst round of selection is a set of 
“hybrid” antibodies, each of Which is comprised of the same 
non-human V-region from the reference antibody and a 
human V-region from the library, and each of Which binds to 
the same epitope on the antigen as the reference antibody. In 
a preferred embodiment at least one hybrid antibody 
selected in the ?rst round Will have an af?nity for the antigen 
comparable to or higher than that of the reference antibody. 

[0016] In the second V-region replacement step, the 
human V-regions selected in the ?rst step become the guides 
for the selection of human replacements for the remaining 
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non-human reference antibody V-region from a diverse 
library of cognate human V-regions. The hybrid antibodies 
selected in the ?rst round may also be used as competitors 
for the second round of selection. The result of the second 
round of selection is a set of fully human antibodies Which 
differ structurally from the reference antibody, but Which 
compete With the reference antibody for binding to the same 
antigen. In a preferred embodiment at least one of the 
selected human antibodies binds to the same epitope on the 
same antigen as the reference antibody. In a more preferred 
embodiment, at least one of the selected human antibodies 
binds to the same epitope With an af?nity Which is compa 
rable to or higher than that of the reference antibody. In a 
most preferred embodiment, at least one of the resulting 
human idiologs is comparable or superior in bioactivity to 
the reference antibody. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1. Illustration of the process of epitope 
guided replacement of target-speci?c antibody V-regions 
using a cell-based competitive activation system. Three 
components are expressed in each cell: (1) target antigen 
linked to reporter, (2) competitor linked to inhibitor, and (3) 
antibody library member comprised of a reference V-region 
and a member of a library of companion V-regions. When 
target and competitor bind to each other the reporter is 
inhibited and the selectable phenotype is extinguished. Anti 
bodies in the library Which can compete With the competitor 
for binding to the target activate the reporter, and can thus 
be identi?ed by the selectable phenotype conferred by the 
active reporter on the cells. The presence of the reference 
V-region in the library helps guide the selection to precisely 
the same epitope as that bound by the reference antibody 
itself. 

[0018] FIG. 2. In the second step of the process of 
epitope-guided replacement of target-speci?c antibody V-re 
gions using a cell-based competitive activation system, the 
second V-region is replaced using the ?rst selected V-region 
as a guide. In this step the hybrid antibody resulting from the 
?rst round of selection is used as the competitor, With the 
inhibitor linked to the reference chain in the case of bi 
molecular antibody formats such as Fab. The result is a fully 
human idiolog of the reference antibody With identical 
binding speci?city and comparable or better af?nity. 

[0019] FIG. 3. Conversion of a chimeric Fab fragment to 
a fully human idiolog With comparable or better af?nity for 
the same epitope by serial epitope-guided complementarity 
replacement (SECR). The target epitope and the V-regions 
of the mouse antibody are used to guide the selection of neW 
human V-regions from large libraries, With comparable or 
higher af?nities than those of the originals, but With the same 
orientation on the epitope for maximum retention of bioac 
tivity. This is accomplished by deploying the murine anti 
body as a chimeric Fab With its antigen in the [3-lactamase 
competitive selection system as described above for selec 
tion of high-af?nity VL domains in Fabs guided by antigen 
binding VH domains. In this case the chimeric Fab serves as 
both competitor and reference Fab. Typically, murine Fabs 
can be chimeriZed With little loss in af?nity by fusing the 
mouse V-regions to homologous human constant regions. 
The chimeric Fab may then be expressed With the [3-lac 
tainase inhibitor, BLIP, fused via ?exible linker to the amino 
terminus of either VH or VL, depending on Which V-region 
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is to be replaced ?rst. As before, the antigen is fused to either 
terminus of [3-lactamase, so that binding of the chimeric Fab 
to the antigen docks BLIP to [3-lactamase, inactivating the 
latter. NeW Fabs are then selected for their ability to compete 
With the chimeric Fab for antigen binding, and thereby 
activate [3-lactamase by competitively displacing the inhibi 
tor. As shoWn in FIG. 3, it is usually preferable to replace 
the VL domain ?rst, so that the dominant af?nity of the 
mouse VH domain can be exploited to retain the original 
orientation of the antibody on the epitope While guiding the 
selection of a high-af?nity human VL domain. 

[0020] FIG. 4. In this ?gure, the high-af?nity VL domain 
can then provide a strong orientation guide for selection of 
a high-af?nity human VH domain. In this Way, by preserving 
not just the epitope, but the orientation of the antibody on the 
epitope as Well, the full bioactivity of the original antibody 
should be faithfully preserved. The [3-lactamase structure is 
rendered from the x-ray coordinates of Jelsch et al., 1993 
(Proteins Struct. Funct. 16, 364ff) using the WebLab VieW 
erPro 3.7 program (Molecular Simulations, Inc., San Diego). 
The BLIP structure and the BLIP-[3-lactamase complex Were 
rendered from the x-ray coordinates of Lim et al., 2001, 
Nat.Struct.Biol. 8:848ff; and Strynadka et al., 1996, Nat 
.Struct.Biol. 3:290ff. 

[0021] FIG. 5. Vectors for conversion of chimeric Fab 
fragments to fully human idiologs With comparable or better 
af?nity for the same epitope by serial epitope-guided chain 
replacement (SECR). A. The antigen—[3-lactamase fusion 
and BLIP-competitor fusion are expressed from variants of 
the lactose operon promoter (lacp; clacp) in a p15A-based 
vector (Rose, 1988, Nucleic Acids Res. 16:355). The pre 
ferred competitor is a fragment of the reference antibody 
such as an Fab in Which the non-human constant regions 
have been replaced by human constant regions (chimeric Fd 
and chimeric LC). The BLIP-Fab fusion is expressed from 
a dicistronic cassette comprised of signal peptide (SP) for 
secretion to the periplasmic space, and internal ribosome 
entry site (IRES) for translation of the second cistron. When 
VL is to be replaced ?rst, the reference chimeric Fd is 
expressed from the upstream cistron to insure its excess over 
the reference chimeric LC, and BLIP is fused to the LC. Test 
antibodies are expressed from a variant of lacp in a pBR322 
based vector, and are comprised of a SP, V-region derived 
from the reference antibody and a library of diverse com 
panion V-regions. In Fab format, the test antibodies are 
expressed from a dicistronic cassette identical to that of the 
BLIP-competitor fusion. B. Vectors for the second step, i.e., 
VH selection. The human VL selected in the ?rst step 
becomes the guide for VH selection and the semi-chimeric 
Fab containing the selected human VL becomes the com 
petitor fused to BLIP via the LC. The test molecules are fully 
human, being comprised of the human VL guide and a 
library of diverse human VH domains. BLIPD49A is a loW 
af?nity mutant of BLIP; (G4S)3, ?exible hydrophilic 15-mer 
linker comprised of (Gly4Ser)3; tt, transcription terminator; 
kan, kanamycin resistance gene; ori, origin of replication; ? 
ori, ?lamentous phage origin of replication for transforma 
tion by phage transfection; cat, chloramphenicol resistance 
gene. 

[0022] FIG. 6. Structural illustration of the formation of 
the complex of [3-lactamase and BLIP as mediated by the 
interaction of an antibody Fab fragment With the extra 
cellular domain of human CD40 antigen. The [3-lactamase 
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structure is rendered from the x-ray coordinates of Jelsch et 

al., 1993 (Proteins Struct. Funct. 16, 364ff) using the 
WebLab VieWerPro 3.7 program (Molecular Simulations, 
Inc., San Diego). The BLIP structure and the BLIP—[3 
lactamase complex Were rendered from the x-ray coordi 
nates of Lim et al., 2001, Nat.Struct.Biol. 8:848ff; and 
Strynadka et al., 1996, Nat.Struct.Biol. 3:290ff. The Fab 
structure Was rendered from the x-ray coordinates of a 

model Fab (Jeffrey et al., 1995 Nature Struct Biol 2:466ff), 
and the human CD40 extra-cellular domain Was rendered 

from the coordinates of Bajorath and Aruffo, 1997, Proteins: 
Struct, Funct, Genet. 27:59-70. 

[0023] FIG. 7. Vectors for selection of high-affinity 
human VH domains for the HB08 chimeric anti-human 
CD40 Fab. The variable region coding sequences of HB08 
Were recovered from a hybridoma cell line by PCR With 
primers speci?c for the VH and VL framework 1 and 
framework 4 regions, respectively (Larrick and Balint, 1994, 
in Antibody Techniques, Malik and Lillehoj, Eds., Academic 
Press, NeW York, pp. 103-114). These sequences Were then 
subcloned into the [3-lactamase inhibition and competitive 
activator vectors shoWn in FIG. 5 for expression as Fab 
fragments With human CH1 and CL constant regions. The 
Fabs in the tWo vectors Were expressed from dicistronic 
transcripts With the common chain as the upstream cistron to 
ensure that it is in excess over the competing chains. A. The 

coding sequence of the human CD40 extra-cellular domain 
(CD40ED; Bajorath and Aruffo, 1997, Proteins: Struct, 
Funct, Genet 27:59-70) Was inserted into the [3-lactamase 
inhibition vector for expression of CD40 fused to the amino 
terminus of [3-lactamase, While the HB08 chimeric Fab Was 
expressed from the same vector With BLIP fused to the 
amino terminus of the light chain for light chain selection. 
To establish optimum selection conditions the parent HB08 
chimeric Fab Was also expressed as the test antibody from 
the competitive activator vector, so that the same Fab 
competed With itself for inhibition or activation, of [3-lacta 
mase. The coding sequence of the original mouse VL 
domain in the light chain on the competitive activator vector 
Was then replaced With a human non-immune repertoire of 
~107 human VL domains. B. Vectors for the second step, i.e., 
selection of human VH companion for VL1B3 selected in 
the ?rst round. VL1B3 becomes the guide for VH selection, 
and the semi-chimeric Fab containing HB08 VH and VL1B3 
becomes the competitor fused to BLIP via the LC. The test 
molecules are fully human, being comprised of the VL1B3 
guide and a non-immune repertoire library of ~108 human 
VH domains. See description of FIG. 5 for abbreviations. 

[0024] FIG. 8. Graphs of plating ef?ciencies of E. coli 
cells expressing CD40—[3-lactamase fusion, BLIP fused to 
Fab fragment of HB08 anti-CD40 murine antibody, and free 
HB08 Fab (positive control) or anti-GST Fab (negative 
control). Approximately 10,000 cells Were seeded on each of 
the indicated concentrations of ampicillin in solid 2><YT 
medium containing 10 nM IPTG to induce transcription, and 
groWn overnight at 33° C. Plating ef?ciencies Were deter 
mined as the percentage of cells plated forming colonies, 
and plotted on a semi-log scale. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0025] “Af?nity matured” in the context of antibodies 
refers to an antibody that is derived from a reference 
antibody, binds to the same antigen as the reference anti 
body, and has a higher af?nity for that antigen than that of 
the reference antibody. In a preferred embodiment, the 
af?nity matured antibody binds to the same epitope as the 
reference antibody. 

[0026] As used herein, an “antibody” refers to a protein 
functionally de?ned as a binding protein and structurally 
de?ned as comprising an amino acid sequence that is 
recogniZed by one of skill as being derived from the frame 
Work region of an immunoglobulin encoding gene of an 
animal producing antibodies. An antibody can consist of one 
or more polypeptides substantially encoded by immunoglo 
bulin genes or fragments of immunoglobulin genes. The 
recogniZed immunoglobulin genes include the kappa, 
lambda, alpha, gamma, delta, epsilon and mu constant 
region genes, as Well as myriad immunoglobulin variable 
region genes. Light chains are classi?ed as either kappa or 
lambda. Heavy chains are classi?ed as gamma, mu, alpha, 
delta, or epsilon, Which in turn de?ne the immunoglobulin 
classes, IgG, IgM, IgA, IgD and IgE, respectively. 

[0027] A typical immunoglobulin (antibody) structural 
unit is knoWn to comprise a tetramer. Each tetramer, is 
composed of tWo identical pairs of polypeptide chains, each 
pair having one “light” (about 25 kD) and one “heavy” chain 
(about 50-70 The N-terminus of each chain de?nes a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The terms 
variable light chain (VL) and variable heavy chain (VH) 
refer to these light and heavy chains respectively. 

[0028] Antibodies exist as intact immunoglobulins or as a 
number of Well characteriZed fragments produced by diges 
tion With various peptidases. Thus, for example, pepsin 
digests an antibody beloW the disul?de linkages in the hinge 
region to produce F(ab)‘2, a dimer of Fab Which itself is a 
light chain joined to VH-CH1 by a disul?de bond. The 
F(ab)‘2 may be reduced under mild conditions to break the 
disul?de linkage in the hinge region thereby converting the 
(Fab‘)2 dimer into an Fab‘ monomer. The Fab‘ monomer is 
essentially an Fab With part of the hinge region (see, 
Fundamental Immunology, W. E. Paul, ed., Raven Press, 
NY. (1993), for a more detailed description of other anti 
body fragments). While various antibody fragments are 
de?ned in terms of the digestion of an intact antibody, one 
of skill Will appreciate that such Fab‘ fragments may be 
synthesiZed de novo either chemically or by utiliZing recom 
binant DNA methodology. Thus, the term antibody, as used 
herein also includes antibody fragments either produced by 
the modi?cation of Whole antibodies or synthesiZed de novo 
using recombinant DNA methodologies. Preferred antibod 
ies include single chain antibodies (antibodies that exist as 
a single polypeptide chain), more preferably single chain Fv 
antibodies (sFv or scFv) in Which a variable heavy and a 
variable light chain are joined together (directly or through 
a peptide linker) to form a continuous polypeptide. The 
single chain Fv antibody is a covalently linked VH-VL 
heterodimer Which may be expressed from a nucleic acid 



US 2005/0008625 A1 

including VH- and VL-encoding sequences either joined 
directly or joined by a peptide-encoding linker. Huston, et al. 
(1988) Proc. Nat. Acad. Sci. USA, 85: 5879-5883. While the 
VH and VL are connected to each as a single polypeptide 
chain, the VH and VL domains associate non-covalently. 
The ?rst functional antibody molecules to be expressed on 
the surface of ?lamentous phage Were single-chain Fv’s 
(scFv), hoWever, alternative expression strategies have also 
been successful. For example Fab molecules can be dis 
played on phage if one of the chains (heavy or light) is fused 
to g3 capsid protein and the complementary chain exported 
to the periplasm as a soluble molecule. The tWo chains can 
be encoded on the same or on different replicons; the 
important point is that the tWo antibody chains in each Fab 
molecule assemble post-translationally and the dimer is 
incorporated into the phage particle via linkage of one of the 
chains to g3p (see, e.g., U.S. Pat. No: 5,733,743). The scFv 
antibodies and a number of other structures converting the 
naturally aggregated, but chemically separated light and 
heavy polypeptide chains from an antibody V region into a 
molecule that folds into a three dimensional structure sub 
stantially similar to the structure of an antigen-binding site 
are knoWn to those of skill in the art (see e.g., U.S. Pat. Nos. 
5,091,513, 5,132,405, and 4,956,778). Particularly preferred 
antibodies include all those that have been displayed on 
phage (e.g., scFv, Fv, Fab and disul?de linked Fv (Reiter et 
al. (1995) Protein Eng. 8: 1323-1331). Antibodies can also 
include diantibodies and miniantibodies. 

[0029] “Antigen” refers to substances Which are capable, 
under appropriate conditions, of inducing a speci?c immune 
response and of reacting With the products of that response, 
that is, With speci?c antibodies or speci?cally sensitiZed 
T-lymphocytes, or both. Antigens may be soluble sub 
stances, such as toxins and foreign proteins, or particulates, 
such as bacteria and tissue cells; hoWever, only the portion 
of the protein or polysaccharide molecule knoWn as the 
antigenic determinant (epitopes) combines With the antibody 
or a speci?c receptor on a lymphocyte. More broadly, the 
term “antigen” may be used to refer to any substance to 
Which an antibody binds, or for Which antibodies are 
desired, regardless of Whether the substance is immuno 
genic. For such antigens, antibodies may be identi?ed by 
recombinant methods, independently of any immune 
response. 

[0030] “Antibody library” refers to a repertoire or syn 
thetic library of genes encoding antibodies or antibody 
fragments such as Fab, scFv, Fd, LC, VH, or VL, Which is 
obtained from the natural ensemble, or “repertoire”, of 
antibodies present in human donors, and obtained primarily 
from the cells of peripheral blood and spleen. In a preferred 
embodiment, the human donors are “non-immune”, i.e., not 
presenting With symptoms of infection. 

[0031] “Binding” refers to the adherence of molecules to 
one another, for example, enZymes to substrates, antibodies 
to antigens, DNA strands to their complementary strands. 
Binding occurs because the shape and chemical natures of 
parts of the molecules surfaces are complementary. A com 
mon metaphor is the “lock-and-key,” used to describe hoW 
enZymes ?t around their substrate. 

[0032] A“binding ensemble member” refers to a molecule 
that participates in a speci?c binding interaction With 
another member of the binding ensemble. A binding 
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ensemble often comprises tWo members, i.e., a binding pair, 
but can comprise three or more members. For example, an 
antigen and tWo antibodies that recogniZe tWo different 
epitopes on an antigen and can be bound to the antigen at the 
same time are members of a binding ensemble. Binding 
ensemble members can include, for example, antibodies/ 
antigens, receptor/ligands, biotin/avidin, and interacting 
protein domains such as leucine Zippers and the like. A 
binding ensemble member as used herein can be a binding 
domain, i.e., a subsequence of a protein that binds speci? 
cally to another member of the binding ensemble. In refer 
ence to binding pairs, the binding pair members can also be 
referred to as a binding pair member and a binding partner 
(or cognate binding partner). Binding ensembles can also 
include members that are added to dock other binding 
ensemble members to the responder/reporter complex or the 
reactivator complex, such as, for example, biotin/avidin, 
antibody/antigen, or any receptor/ligand. 

[0033] “Chimeric polynucleotide” means that the poly 
nucleotide comprises regions Which are Wild-type and 
regions Which are mutated. It may also mean that the 
polynucleotide comprises Wild-type regions from one poly 
nucleotide and Wild-type regions from another related poly 
nucleotide. 

[0034] “Competitor” refers to that molecule Whose bind 
ing to the antigen or target molecule in the systems of the 
invention leads to inhibition of the reporter. Thus, in the 
systems of the invention, test molecules must compete With 
the competitor for binding to the antigen or target molecule 
in order to activate the reporter and be selected. 

[0035] “Complementarity-determining region” and 
“CDR” refer to the art-recogniZed term as exempli?ed by 
the Kabat and Chothia CDR de?nitions also generally 
knoWn as hypervariable regions or hypervariable loops 
(Chothia and Lesk (1987) J. Mol. Biol. 196: 901; Chothia et 
al. (1989) Nature 342: 877; E. A. Kabat et al., Sequences of 
Proteins of Immunological Interest (National Institutes of 
Health, Bethesda, Md.) (1987); and Tramontano et al. (1990) 
J. Mol. Biol. 215: 175). Variable region domains typically 
comprise the amino-terminal approximately 105-115 amino 
acids of a naturally-occurring immunoglobulin chain (e.g., 
amino acids 1-110), although variable domains someWhat 
shorter or longer are also suitable for forming single-chain 
antibodies. 

[0036] “Epitope” refers to that portion of an antigen or 
other macromolecule capable of forming a binding interac 
tion that interacts With the variable region binding pocket of 
an antibody. Typically, such binding interaction is mani 
fested as an intermolecular contact With one or more amino 

acid residues of a CDR. 

[0037] “Expression vector” includes vectors Which are 
capable of expressing nucleic acid sequences contained 
therein, i.e., any nucleic acid sequence Which is capable of 
effecting expression of a speci?ed nucleic acid code dis 
posed therein (the coding sequences are operably linked to 
other sequences capable of effecting their expression). Some 
expression vectors are replicable in the host organism either 
as episomes or as an integral part of the chromosomal DNA. 
A useful, but not a necessary, element of an effective 
expression vector is a marker encoding sequence—i.e. a 
sequence encoding a protein Which results in a phenotypic 
property (e.g. tetracycline resistance) of the cells containing 
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the protein Which permits those cells to be readily identi?ed. 
Expression vectors are frequently in the form of plasmids or 
viruses. HoWever, the invention is intended to include such 
other forms of expression vectors Which serve equivalent 
functions and Which may, from time to time become knoWn 
in the art. 

[0038] “Guide Chain” refers to a portion of a reference 
antibody comprising one of the variable region domains 
(V-region), Which is incorporated into the test antibodies as 
a guide to the epitope bound by the reference antibody. Test 
antibodies can be selected in a variety of formats, but the Fab 
fragment format and the single-chain Fv (scFv) fragment 
format are preferred. In the Fab format the guide chain is 
either the Fd chain or the light chain, and its V-region is 
obtained from the reference antibody. The V-region of the 
other chain Will be supplied from a diverse pool of cognate 
V-regions comprising a natural repertoire, a synthetic rep 
ertoire, or a combination of both. In the scFv format, the 
guide “chain” is a reference antibody V-region genetically 
linked to a diverse pool of cognate V-regions comprising a 
natural repertoire, a synthetic repertoire, or a combination of 
both. In either case the guide chain generally constrains the 
binding of the test antibodies to the same epitope on the 
antigen bound by the reference antibody, and preferably in 
the same orientation. 

[0039] “Homologs” means polypeptides having the same 
or conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also 
extends to tWo or more nucleotide sequences encoding the 
homologous polypeptides. Example homologous peptides 
are the immunoglobulin isotypes. 

[0040] “Host cell” refers to a prokaryotic or eukaryotic 
cell into Which the vectors of the invention may be intro 
duced, expressed and/or propagated. Typical prokaryotic 
host cells include various strains of E. coli. Typical eukary 
otic host cells are yeast or ?lamentous fungi, or mammalian 
cells, such as Chinese hamster ovary cells, murine NIH 3t3 
?broblasts, or human embryonic kidney 193 cells. 

[0041] “Idiolog” is an antibody Which shares its antigen 
and epitope speci?city With another antibody, e.g., a refer 
ence antibody, but Which is not derived from that antibody. 

[0042] An “inhibitor” refers to a molecule that can inhibit 
the responder/reporter When both are in the same complex. 
The complex may be a responder complex as described in 
the reactivation systems of US. Provisional Patent Appli 
cation No. 60/373,802, or the reporter complex formed in 
competitive activation systems such as described in US. 
patent application Ser. No. 10/076,845 When the inhibitor 
and reporter are brought together by the binding ensemble. 

[0043] “Interaction systems” means any system that gen 
erates a detectable signal from a responder/reporter in such 
a Way that it can be generically used to study the interaction 
of binding ensembles. Preferred embodiments are comple 
mentation systems typically fragment complementation, 
auto-reactivation systems (RAIRTM), and/or competitive 
activation (COMPACTM) systems. 

[0044] “Isolated” refers to a nucleic acid or polypeptide 
separated not only from other nucleic acids or polypeptides 
that are present in the natural source of the nucleic acid or 
polypeptide, but also from polypeptides, and preferably 
refers to a nucleic acid or polypeptide found in the presence 
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of (if anything) only a solvent, buffer, ion, or other compo 
nent normally present in a solution of the same. The terms 
“isolated” and “puri?ed” do not encompass nucleic acids or 
polypeptides present in their natural source. 

[0045] “Library” means a collection of nucleotides 
sequences, e.g., DNA, encoding antibodies Within clones; or 
a genetically diverse collection of antibody polypeptides. 

[0046] “Link” or “join” or “fuse” refers to any method of 
functionally connecting peptides, typically covalently, 
including, Without limitation, recombinant fusion of the 
coding sequences, and covalent bonding (e.g., disul?de 
bonding). In the systems of the invention, a binding pair 
member is typically linked or joined or fused, often using 
recombinant techniques, at the amino-terminus or carboxyl 
terminus by a peptide bond to a responder or to an activator 
or inhibitor of the responder. HoWever, the binding pair 
member may also be inserted into the responder or inhibitor 
at an internal location that can accept such insertions. The 
binding pair member can either directly adjoin the fragment 
to Which it is linked or fused or it can be indirectly linked or 
fused, e.g., via a linker sequence. “Linked” may also refer to 
a non-covalent physical association, particularly one Which 
is constitutive, i.e., does not require docking, under operat 
ing conditions. For example, in a responder mixture com 
prised of responder, inhibitor, and binding ensemble mem 
ber, each component is typically linked to at least one other 
component, either covalently, e.g., via peptide linkage, or 
non-covalently, via high-af?nity binding interaction. 

[0047] “Phenotype” refers to a physical (e.g., pigment, or 
cell shape) and/or metabolic property of a cell Which can be 
measured or exploited in some fashion and Which is effected 
by the reporter gene. 

[0048] “Puri?ed” means that the indicated nucleic acid or 
polypeptide is present in the substantial absence of other 
biological macromolecules, e.g., polynucleotides, proteins, 
and the like. In one embodiment, the polynucleotide or 
polypeptide is puri?ed such that it constitutes at least 95% 
by Weight, more preferably at least 99.8% by Weight, of the 
indicated biological macromolecules present (but Water, 
buffers, and other small molecules, especially molecules 
having a molecular Weight of less than 1000 daltons, can be 
present). 
[0049] “Recombinant nucleic acid” refers to a nucleic acid 
in a form not normally found in nature. That is, a recombi 
nant nucleic acid is ?anked by a nucleotide sequence not 
naturally ?anking the nucleic acid or has a sequence not 
normally found in nature. Recombinant nucleic acids can be 
originally formed in vitro by the manipulation of nucleic 
acid by restriction endonucleases, or alternatively using such 
techniques as polymerase chain reaction. It is understood 
that once a recombinant nucleic acid is made and reintro 
duced into a host cell or organism, it Will replicate non 
recombinantly, i.e., using the in vivo cellular machinery of 
the host cell rather than in vitro manipulations; hoWever, 
such nucleic acids, once produced recombinantly, although 
subsequently replicated non-recombinantly, are still consid 
ered recombinant for the purposes of the invention. 

[0050] “Recombinant polypeptide” refers to a polypeptide 
expressed from a recombinant nucleic acid, or a polypeptide 
that is chemically synthesiZed in vitro. 

[0051] “Recombinant variant” refers to any polypeptide 
differing from naturally occurring polypeptides by amino 
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acid insertions, deletions, and substitutions, created using 
recombinant DNA techniques. Guidance in determining 
Which amino acid residues may be replaced, added, or 
deleted Without abolishing activities of interest, such as 
enZymatic or binding activities, may be found by comparing 
the sequence of the particular polypeptide With that of 
homologous peptides and minimizing the number of amino 
acid sequence changes made in regions of high homology. 

[0052] Preferably, amino acid “substitutions” are the result 
of replacing one amino acid With another amino acid having 
similar structural and/or chemical properties, i.e., conserva 
tive amino acid replacements. Amino acid substitutions may 
be made on the basis of similarity in polarity, charge, 
solubility, hydrophobicity, hydrophilicity, and/or the amphi 
pathic nature of the residues involved. For example, non 
polar (hydrophobic) amino acids include alanine, leucine, 
isoleucine, valine, proline, phenylalanine, tryptophan, and 
methionine; polar neutral amino acids include glycine, 
serine, threonine, cysteine, tyrosine, asparagine, and 
glutamine; positively charged (basic) amino acids include 
arginine, lysine, and histidine; and negatively charged 
(acidic) amino acids include aspartic acid and glutamic acid. 

[0053] “Insertions” or “deletions” are typically in the 
range of about 1 to 5 amino acids. The variation alloWed 
may be experimentally determined by systematically mak 
ing insertions, deletions, or substitutions of amino acids in a 
polypeptide molecule using recombinant DNA techniques 
and assaying the resulting recombinant variants for activity. 

[0054] Alternatively, Where alteration of function is 
desired, insertions, deletions or non-conservative alterations 
can be engineered to produce altered polypeptides. Such 
alterations can, for example, alter one or more of the 
biological functions or biochemical characteristics of the 
polypeptides of the invention. For example, such alterations 
may change polypeptide characteristics such as ligand 
binding af?nities, interchain af?nities, or degradation/turn 
over rate. Further, such alterations can be selected so as to 
generate polypeptides that are better suited for expression, 
scale up and the like in the host cells chosen for expression. 
For example, cysteine residues can be deleted or substituted 
With another amino acid residue in order to eliminate 
disul?de bridges. 

[0055] Alternatively, recombinant variants encoding these 
same or similar polypeptides may be synthesiZed or selected 
by making use of the “redundancy” in the genetic code. 
Various codon substitutions, such as the silent changes 
Which produce various restriction sites, may be introduced 
to optimiZe cloning into a plasmid or viral vector or expres 
sion in a particular prokaryotic or eukaryotic system. Muta 
tions in the polynucleotide sequence may be re?ected in the 
polypeptide or domains of other peptides added to the 
polypeptide to modify the properties of any part of the 
polypeptide, to change characteristics such as ligand-bind 
ing af?nities, interchain af?nities, or degradation/turnover 
rate. 

[0056] “Reference antibody” refers to an antibody for 
Which the practitioner Wants to obtain a variant With 
“improved” characteristics. In a preferred embodiment, the 
improved characteristic is affinity for the same antigen. In 
another preferred embodiment, the improved characteristic 
is reduced immunogenicity, obtained by substituting human 
chains for the non-human chains of the reference antibody. 
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[0057] The term “responder” refers to any protein that 
produces a detectable signal, including, but not limited to 
detectable signals such as ?uorescence, enZymatic activity, 
a selectable phenotype (e.g., antibiotic resistance), a screen 
able phenotype, or that produces an activity that results in a 
phenotypic change or provides a functional product. 

[0058] The term “reporter” refers speci?cally to a 
responder that produces a detectable signal, or that confers 
a selectable phenotype, i.e., a responder Whose sole purpose 
is to signal the occurance of an event, rather than to use the 
event as a trigger for some other action. 

[0059] The term “responder complex” refers to a complex 
comprised of the responder, the inhibitor, and a binding 
ensemble member. One or more members of the responder 
complex may be complexed With the others by a binding 
interaction. At least one of member of the responder com 
plex may also be in the same polypeptide chain as at least 
one other member. In a preferred embodiment, all three 
members of the responder complex are in the same polypep 
tide chain. 

[0060] “Synthetic antibody library” refers to a library of 
genes encoding one or more antibodies or antibody frag 
ments such as Fab, scFv, Fd, LC, VH, or VL, in Which one 
or more of the complementarity-determining regions (CDR) 
has been partially or fully randomiZed by oligonucleotide 
directed mutagenesis. “Randomized” means that part or all 
of the sequence encoding the CDR has been replaced by 
sequence randomly encoding all tWenty amino acids or some 
subset of the amino acids. 

[0061] “Target” may be used to refer to the molecule to 
Which a reference antibody binds, “reference antibody” 
being an antibody for Which the practitioner Wants to obtain 
a variant With “improved” characteristics. Thus, “target” 
may herein be used synonymously With “antigen”. 

[0062] “Test antibody” refers to a variant of the reference 
antibody Which is typically a member of a library of such 
variants Which in the invention is subjected to conditions 
Wherein any member Which binds to the target is selected. In 
a preferred embodiment, test antibodies comprise one V-re 
gion from the reference antibody and the other V-region 
from a diverse population Which is not derived from the 
reference antibody, but Which comprises a natural or syn 
thetic repertoire of antibody V-regions. 

[0063] “Vector” refers to a plasmid or phage or virus or 
vector, for expressing a polypeptide from a DNA (RNA) 
sequence. The vector can comprise a transcriptional unit 
comprising an assembly of (1) a genetic element or elements 
having a regulatory role in gene expression, for example, 
promoters or enhancers, (2) a structural or coding sequence 
Which is transcribed into mRNA and translated into protein, 
and (3) appropriate translation initiation and termination 
sequences. Structural units intended for use in yeast or 
eukaryotic expression systems may include a leader 
sequence enabling extracellular secretion of translated pro 
tein by a host cell. 

[0064] Each of the above terms is meant to encompass all 
that is described, unless the context dictates otherWise. 

Introduction 

[0065] The systems and methods of the present invention 
overcome many limitations of current methods for the 
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isolation of antibodies, particularly human antibodies, Which 
bind to antigens of choice With high af?nities and speci?ci 
ties. Human antibodies are required for many therapeutic 
applications. HoWever, current methods for obtaining 
human antibodies With required bioactivities for therapeutic 
use are often unreliable. These methods include isolating 
antigen-speci?c hybridomas from human antibody-produc 
ing transgenic mice, and isolating antigen-speci?c human 
antibody genes from libraries displayed on bacteriophage, 
cells, or ribosomes by biopanning. 

[0066] Hybridoma technologies rely on the humoral 
immune responses of mice, and are therefore subject to the 
uncertainties of such responses, Which may include epitope 
biases and failure to respond Well to antigens Which are 
homologous to host proteins. Epitope biases may arbitrarily 
exclude antibodies from selection Which bind to certain 
epitopes on the native antigen surface, Which do not elicit 
useful responses in mice. Such excluded epitopes often 
include epitopes Which are required for desired bioactivities. 
In fact, selection in mice may often be biased against desired 
bioactivities precisely because such bioactivities may inter 
fere With the immune response of the animal. Hybridoma 
technologies are also hampered by time and labor demands. 
Available screening methods are highly inefficient, requiring 
many man-hours to screen even modest numbers of clones 
for desired speci?cities and af?nities, compared to the 
numbers of clones that can be screened by in vitro methods. 
Also, mice transgenic for human immunoglobulin loci gen 
erally do not express the full complement of human diver 
sity, and therefore the success rates for desired af?nities and 
speci?cities tend to be loWer than With conventional mice. It 
Will be shoWn that the systems and methods of the present 
invention alloW precise control over epitope speci?city, and 
enable thorough searching of complete human antibody 
repertoires. 

[0067] The principal limitations of the display technolo 
gies stem from the requirement for antigen stability in vitro, 
and from the lack of robust methods for af?nity maturation. 
For selection of antibodies in vitro, antigens must be puri?ed 
and immobiliZed on arti?cial surfaces, and they must remain 
stable in this state typically for many hours before bound 
antibodies can be recovered from them. Most proteins 
undergo varying degrees of denaturation When attached to 
foreign material, and this produces strong epitope biases. 
Because the kinetics of binding to immobiliZed antigens are 
sloW, prolonged periods of exposure are required, and this 
too increases the risk of denaturation. When antigens and 
antibodies denature, non-speci?c binding may occur, and if 
denaturation occurs after binding, binding may become 
irreversible and bona-?de binders may thus be lost. 

[0068] Chain-guided selection has been used With phage 
display in an attempt to bias human antibody selection 
toWard epitopes bound by non-human lead antibodies (Hoo 
genboom ref and patent). This strategy has met With only 
limited success, hoWever, due to the great dif?culty of 
?nding a suitable heavy chain using a light chain guide. 
Light chain V-regions Which have been af?nity matured in 
vivo typically have little direct af?nity for the antigen, but 
rather have been extensively optimiZed for stabiliZation of 
the complex With their high-af?nity heavy chain partners. 
Thus, heavy chains Which fortuitously coordinate With an 
af?nity-matured light chain from another species to bind the 
same epitope in the same orientation With comparable 
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af?nity must be exceedingly rare in human heavy chain 
repertoire libraries. The problem is compounded by the fact 
that phage display libraries are heavily biased toWard anti 
body chains Which express Well in bacteria, Which in fact 
comprise only a small minority of natural human antibody 
chains. Thus, even if suitable heavy chain partners for the 
guiding light chains exist in the repertoire they are likely to 
be lost in the process of generating the phage-displayed 
library. It Will be shoWn that the systems and methods of the 
present invention overcome many of the limitations of in 
vitro display methods by alloWing access to a greater 
proportion of the natural diversity of human repertoires. 

[0069] The most Widely used methods for minimiZing the 
immunogenicity of non-human antibodies While retaining as 
much of the original speci?city and af?nity as possible 
involve grafting the CDRs of the non-human antibody onto 
human germline frameWorks selected for their structural 
homology to the non-human frameWork (Jones P T, Dear P 
H, Foote J, Neuberger M S, Winter G. Replacing the 
complementarity-determining regions in a human antibody 
With those from a mouse. Nature. 1986 321:522-5). 

[0070] Typically this results in a substantial loss of affinity, 
at least some of Which can be regained by making mutational 
adjustments in the structure based on sophisticated modeling 
techniques combined With trial and error. Often recovery of 
af?nity requires retaining some residues from the non 
human parent. In spite of this, hoWever, in many cases the 
full af?nity of the original non-human antibody has not been 
recovered. Thus, “humaniZation” often results in antibodies 
Which retain some of the immunogenicity of the non-human 
parent, Whereas, the systems and methods of the present 
invention enable the selection of fully human antibodies 
With comparable bioactivity to the non-human parent. 

Nucleic Acids and Polypeptides 

[0071] Antibodies are polypeptides comprising at least a 
heavy chain variable region and a light chain variable region 
that together speci?cally bind and recogniZe an antigen, the 
variable regions being speci?ed by immunoglobulin genes. 
Recognized immunoglobulin genes include the kappa, 
lambda, alpha, gamma, delta, epsilon, and mu constant 
region genes, as Well as the myriad immunoglobulin vari 
able region genes. Light chains are classi?ed as either kappa 
or lambda. Heavy chains are classi?ed as gamma, mu, alpha, 
delta, or epsilon, Which in turn de?ne the immunoglobulin 
classes, IgG, IgM, IgA, IgD and IgE, respectively. An 
exemplary immunoglobulin (antibody) structural unit com 
prises a tetramer. Each tetramer is composed of tWo identical 
pairs of polypeptide chains, each pair having one “light” 
(about 25 kDa) and one “heavy” chain (about 50-70 kDa). 
The N-terminus of each chain de?nes a variable region of 
about 100 to 110 or more amino acids primarily responsible 
for antigen recognition. The terms variable light chain (VL) 
and variable heavy chain (VH) refer to these light and heavy 
chain variable regions respectively. 

[0072] Antibodies exist, e.g., as intact immunoglobulins, 
as a number of Well-characterized fragments produced by 
digestion With various peptidases, or as Well-characterized 
fragments produced by recombinant gene expression. Thus, 
for example, pepsin digests an antibody beloW the disul?de 
linkages in the hinge region to produce F(ab)‘2, a dimer of 
Fab Which itself is a light chain joined to VH-CHl (Fd 
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fragment) by a disul?de bond. The F(ab)‘2 may be reduced 
under mild conditions to break the disul?de linkage in the 
hinge region, thereby converting the F(ab)‘2 dimer into an 
Fab‘ monomer. The Fab‘ monomer is essentially Fab With 
part of the hinge region (see Fundamental Immunology 
(Paul ed., 3d ed. 1993). While various antibody fragments 
are de?ned in terms of the digestion of an intact antibody, 
one of skill Will appreciate that such fragments may be 
synthesiZed de novo either chemically or by using recom 
binant DNA methodology. Thus, the term antibody, as used 
herein, also includes antibody fragments either produced by 
the modi?cation of Whole antibodies, or those synthesiZed 
de novo using recombinant DNA methodologies (e. g., single 
chain Fv) or those identi?ed using phage display libraries 
(see, e.g., McCafferty et al., Nature 348:552-554 (1990)). 

[0073] For preparation of monoclonal or polyclonal anti 
bodies, any technique knoWn in the art can be used (see, e.g., 
Kohler & Milstein, Nature 256:495-497 (1975); KoZbor et 
al., Immunology Today 4: 72 (1983); Cole et al., pp. 77-96 
in Monoclonal Antibodies and Cancer Therapy (1985)). 
Techniques for the production of single chain antibodies 
(US. Pat. No. 4,946,778) can be adapted to produce anti 
bodies to polypeptides of this invention. Also, transgenic 
mice, or other organisms such as other mammals, may be 
used to express humaniZed antibodies. Alternatively, phage 
display technology can be used to identify antibodies and 
heteromeric Fab fragments that speci?cally bind to selected 
antigens (see, e.g., McCafferty et al., Nature 348:552-554 
(1990); Marks et al., Biotechnology 10:779-783 (1992)). 

[0074] Often the polypeptides of the invention are pro 
duced by recombinant expression of nucleic acids encoding 
the polypeptides. Expression methodology is Well knoWn to 
those of skill in the art. Such a recombinant polypeptide can 
be made by ligating the appropriate nucleic acid sequences 
encoding the desired amino acid sequences by methods 
knoWn in the art, in the proper reading frame, and expressing 
the product by methods knoWn in the art (see, e.g., Scopes, 
Protein Puri?cation. Principles and Practice, Springer-Ver 
lag, NeW York 1994; Sambrook and Russell, eds, Molecular 
Cloning: A Laboratory Manual, 3rd Ed, vols. 1-3, Cold 
Spring Harbor Laboratory Press, 2001; and Current Proto 
cols in Molecular Biology, Ausubel, ed. John Wiley & Sons, 
Inc. NeW York, 1997). 

[0075] Nucleic acids encoding the polypeptides of the 
invention can be obtained using routine techniques in the 
?eld of recombinant genetics (see, e.g., Sambrook and 
Russell, eds, Molecular Cloning.'A Laboratory Manual, 3rd 
Ed, vols. 1-3, Cold Spring Harbor Laboratory Press, 2001; 
and Current Protocols in Molecular Biology, Ausubel, ed. 
John Wiley & Sons, Inc. NeW York, 1997). 

[0076] Often, the nucleic acid sequences encoding the 
polypeptides of the invention are cloned from cDNA and 
genomic DNA libraries by hybridiZation With probes, or 
isolated using ampli?cation techniques With oligonucleotide 
primers. Ampli?cation techniques can be used to amplify 
and isolate sequences from DNA or RNA (see, e.g., Dief 
fenbach & Dveksler, PCR Primers: A Laboratory Manual 
(1995)). Alternatively, overlapping oligonucleotides can be 
produced synthetically and joined to produce one or more of 
the domains. Nucleic acids encoding the component 
domains can also be isolated from expression libraries using 
antibodies as probes. 
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[0077] In an example of obtaining a nucleic acid encoding 
a polypeptide of the invention using PCR, the nucleic acid 
sequence or subsequence is PCR ampli?ed, using a sense 
primer containing one restriction site and an antisense 
primer containing another restriction site. This Will produce 
a nucleic acid encoding the desired polypeptide and having 
terminal restriction sites. This nucleic acid can then be easily 
ligated into a vector having the appropriate corresponding 
restriction sites. If the desired polypeptide is a fusion pro 
tein, the domains can be directly joined or may be separated 
by a linker, or other, protein sequence. Suitable PCR primers 
can be determined by one of skill in the art using the 
sequence information provided in GenBank or other 
sources. Appropriate restriction sites can also be added to the 
nucleic acid encoding the protein or protein subsequence by 
site-directed mutagenesis. The plasmid containing the 
polypeptide encoding sequence of the invention is cleaved 
With the appropriate restriction endonuclease and then 
ligated into an appropriate vector for ampli?cation and/or 
expression according to standard methods. 

[0078] Examples of techniques suf?cient to direct persons 
of skill through in vitro ampli?cation methods are found in 
Berger, Sambrook, and Ausubel, as Well as Mullis et al., 
(1987) US. Pat. No. 4,683,202; PCR ProtocolsA Guide to 
Methods and Applications (Innis et al., eds) Academic Press 
Inc. San Diego, Calif. (1990) (Innis); Arnheim & Levinson 
(Oct. 1, 1990) C&EN 36-47; The Journal OfNIHResearch 
(1991) 3: 81-94; (KWoh et al. (1989) Proc. Natl. Acad. Sci. 
USA 86: 1173; Guatelli et al. (1990) Proc. Natl. Acad. Sci. 
USA 87, 1874; Lomell et al. (1989) J. Clin. Chem., 35: 1826; 
Landegren et al., (1988) Science 241: 1077-1080; Van Brunt 
(1990) Biotechnology 8: 291-294; Wu and Wallace (1989) 
Gene 4: 560; and Barringer et al. (1990) Gene 89: 117. 

[0079] In some embodiments, it may be desirable to 
modify the polypeptides of the invention. One of skill Will 
recogniZe many Ways of generating alterations in a given 
nucleic acid construct. Such Well-knoWn methods include 
site-directed mutagenesis, PCR ampli?cation using degen 
erate oligonucleotides, exposure of cells containing the 
nucleic acid to mutagenic agents or radiation, chemical 
synthesis of a desired oligonucleotide (e.g., in conjunction 
With ligation and/or cloning to generate large nucleic acids) 
and other Well-knoWn techniques. See, e.g., Giliman and 
Smith (1979) Gene 8:81-97, Roberts et al. (1987) Nature 
328: 731-734. 

[0080] In some embodiments, the recombinant nucleic 
acids encoding the polypeptides of the invention are modi 
?ed to provide preferred codons Which enhance translation 
of the nucleic acid in a selected organism (e.g., yeast 
preferred codons are substituted into a coding nucleic acid 
for expression in yeast). 

Expression Cassettes and host Cells for Expressing 
Polypeptides of the Invention 

[0081] There are many expression systems for producing 
the polypeptides of the invention that are Well knoW to those 
of ordinary skill in the art. (See, e.g., Gene Expression 
Systems, Fernandes and Hoef?er, Eds. Academic Press, 
1999.) Typically, the polynucleotide that encodes the 
polypeptide is placed under the control of a promoter that is 
functional in the desired host cell. An extremely Wide variety 
of promoters are available, and can be used in the expression 
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vectors of the invention, depending on the particular appli 
cation. Ordinarily, the promoter selected depends upon the 
cell in Which the promoter is to be active. Other expression 
control sequences such as ribosome binding sites, transcrip 
tion termination sites, enhancers, operators, and the like are 
also optionally included. Constructs that include one or 
more of these control sequences are termed “expression 
cassettes.” Accordingly, the nucleic acids that encode the 
joined polypeptides are incorporated for the desired level of 
expression in a desired host cell. 

[0082] Expression control sequences that are suitable for 
use in a particular host cell are often obtained by cloning a 
gene that is expressed in that cell. Commonly used prokary 
otic control sequences, Which are de?ned herein to include 
promoters for transcription initiation, optionally With an 
operator, along With ribosome binding site sequences, 
include such commonly used promoters as the beta-lacta 
mase (penicillinase) and lactose (lac) promoter systems 
(Change et al., Nature (1977) 198: 1056), the tryptophan 
(trp) promoter system (Goeddel et al., Nucleic Acids Res. 
(1980) 8: 4057), the tac promoter (DeBoer, et al., Proc. Natl. 
Acad. Sci. USA. (1983) 80:21-25); and the lambda-derived 
PL promoter and N-gene ribosome binding site (Shimatake 
et al., Nature (1981) 292: 128). The particular promoter 
system is not critical to the invention, any available pro 
moter that functions in prokaryotes can be used. Standard 
bacterial expression vectors include plasmids such as 
pBR322-based plasmids, e.g., pBLUESCRIPTTM, pSKF, 
pET23D, k-phage derived vectors, p15A-based vectors 
(Rose,NucleicAcia's Res. (1988) 16:355 and 356) and fusion 
expression systems such as GST and LacZ. Epitope tags can 
also be added to recombinant proteins to provide convenient 
methods of isolation, e.g., c-myc, HA-tag, 6-His tag, mal 
tose binding protein, VSV-G tag, anti-DYKDDDDK tag, or 
any such tag, a large number of Which are Well knoWn to 
those of skill in the art. 

[0083] For expression of fusion polypeptides in prokary 
otic cells other than E. coli, regulatory sequences for tran 
scription and translation that function in the particular 
prokaryotic species are required. Such promoters can be 
obtained from genes that have been cloned from the species, 
or heterologous promoters can be used. For example, the 
hybrid trp-lac promoter functions in Bacillus in addition to 
E. coli. These and other suitable bacterial promoters are Well 
knoWn in the art and are described, e.g., in Sambrook et al. 
and Ausubel et al. Bacterial expression systems for express 
ing the proteins of the invention are available in, e. g., E. coli, 
Bacillus sp., and Salmonella (Palva et al., Gene 22:229-235 
(1983); Mosbach et al., Nature 302:543-545 (1983). Kits for 
such expression systems are commercially available. 

[0084] Similarly, for expression of the polypeptides of the 
invention in eukaryotic cells, transcription and translation 
sequences that function in the particular eukaryotic species 
are required. For example, eukaryotic expression systems 
for mammalian cells, yeast, and insect cells are Well knoWn 
in the art and are also commercially available. In yeast, 
vectors include Yeast Integrating plasmids (e.g., YIp5) and 
Yeast Replicating plasmids (the YRp series plasmids) and 
pGPD-2. Expression vectors containing regulatory elements 
from eukaryotic viruses are typically used in eukaryotic 
expression vectors, e.g., SV40 vectors, papilloma virus 
vectors, and vectors derived from Epstein-Barr virus. Other 
exemplary eukaryotic vectors include pMSG, pAV009/A+, 
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pMTO10/A+, pMAMneo-5, baculovirus pDSVE, and any 
other vector alloWing expression of proteins under the 
direction of the CMV promoter, SV40 early promoter, SV40 
later promoter, metallothionein promoter, murine mammary 
tumor virus promoter, Rous sarcoma virus promoter, poly 
hedrin promoter, or other promoters shoWn effective for 
expression in eukaryotic cells. 

[0085] Either constitutive or regulated promoters can be 
used in the present invention. Regulated promoters can be 
advantageous because the concentration of heterologous 
protein in the host cell can be controlled. An inducible 
promoter is a promoter that directs expression of a gene 
Where the level of expression is alterable by environmental 
or developmental factors such as, for example, temperature, 
pH, anaerobic or aerobic conditions, light, transcription 
factors and chemicals. 

[0086] For E. coli and other bacterial host cells, inducible 
promoters are knoWn to those of skill in the art. These 
include, for example, the lac promoter, the bacteriophage 
lambda PL promoter, the hybrid trp-lac promoter (Amann et 
al. (1983) Gene 25: 167; de Boer et al. (1983) Proc. Nat’l. 
Acad. Sci. USA 80: 21), and the bacteriophage T7 promoter 
(Studier et al. (1986) J. Mol. Biol.; Tabor et al. (1985) Proc. 
Nat’l. Acad Sci. USA 82: 1074-8). These promoters and their 
use are discussed in Sambrook et al., supra. 

[0087] Inducible promoters for other organisms are also 
Well knoWn to those of skill in the art. These include, for 
example, the metallothionein promoter, the heat shock pro 
moter, as Well as many others. 

[0088] Translational coupling may be used to enhance 
expression. The strategy uses a short upstream open reading 
frame derived from a highly expressed gene native to the 
translational system, Which is placed doWnstream of the 
promoter, and a ribosome binding site folloWed after a feW 
amino acid codons by a termination codon. Just prior to the 
termination codon is a second ribosome binding site, and 
folloWing the termination codon is a start codon for the 
initiation of translation. The system dissolves secondary 
structure in the RNA, alloWing for the efficient initiation of 
translation. See Squires, et. al. (1988), J. Biol. Chem. 263: 
16297-16302. 

[0089] The construction of polynucleotide constructs gen 
erally requires the use of vectors able to replicate in host 
bacterial cells, or able to integrate into the genome of host 
bacterial cells. Such vectors are commonly used in the art. 
A plethora of kits are commercially available for the puri 
?cation of plasmids from bacteria (for example, EasyPrepJ, 
FlexiPrepJ, from Pharmacia Biotech; StrataCleanJ, from 
Stratagene; and, QIAexpress Expression System, Qiagen). 
The isolated and puri?ed plasmids can then be further 
manipulated to produce other plasmids, and used to trans 
form cells. 

[0090] The polypeptides of the invention can be expressed 
intracellularly, or can be secreted from the cell. Intracellular 
expression often results in high yields. If necessary, the 
amount of soluble, active polypeptide may be increased by 
performing refolding procedures (see, e.g., Sambrook et al., 
supra.; Marston et al., Bio/Technology (1984) 2: 800; 
Schoner et al., Bio/Technology (1985) 3: 151). Polypeptides 
of the invention can be expressed in a variety of host cells, 
including E. coli, other bacterial hosts, yeast, and various 
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higher eukaryotic cells such as the COS, CH0 and HeLa 
cells lines and myeloma cell lines. The host cells can be 
mammalian cells, insect cells, or microorganisms, such as, 
for example, yeast cells, bacterial cells, or fungal cells. 

[0091] Once expressed, the recombinant polypeptides can 
be puri?ed according to standard procedures of the art, 
including ammonium sulfate precipitation, af?nity columns, 
column chromatography, gel electrophoresis and the like 
(see, generally, R. Scopes, Protein Puri?cation, Springer 
Verlag, NY. (1982), Deutscher, Methods in Enzymology Vol. 
182: Guide to Protein Puri?cation, Academic Press, Inc. 
NY. (1990)). Substantially pure compositions of at least 
about 90 to 95% homogeneity are preferred, and 98 to 99% 
or more homogeneity are most preferred. 

[0092] To facilitate puri?cation of the polypeptides of the 
invention, the nucleic acids that encode the polypeptides can 
also include a coding sequence for an epitope or “tag” for 
Which an af?nity binding reagent is available. Examples of 
suitable epitopes include the myc and V-responder genes; 
expression vectors useful for recombinant production of 
fusion polypeptides having these epitopes are commercially 
available (e.g., Invitrogen (Carlsbad Calif.) vectors 
pcDNA3.1/Myc-His and pcDNA3.1/V5-His are suitable for 
expression in mammalian cells). Additional expression vec 
tors suitable for attaching a tag to the fusion proteins of the 
invention, and corresponding detection systems are knoWn 
to those of skill in the art, and several are commercially 
available (e.g., FLAG“ (Kodak, Rochester Another 
example of a suitable tag is a polyhistidine sequence, Which 
is capable of binding to metal chelate af?nity ligands. 
Typically, six adjacent histidines are used, although one can 
use more or less than six. Suitable metal chelate affinity 
ligands that can serve as the binding moiety for a polyhis 
tidine tag include nitrilo-tri-acetic acid (NTA) (Hochuli, E. 
(1990) “Puri?cation of recombinant proteins With metal 
chelating adsorbents” In Genetic Engineering: Principles 
and Methods, J. K. SetloW, Ed., Plenum Press, NY; com 
mercially available from Qiagen (Santa Clarita, Calif.)). 

[0093] One of skill Would recogniZe that modi?cations can 
be made to the protein domains Without diminishing their 
biological activity. Some modi?cations may be made to 
facilitate the cloning, expression, or incorporation of a 
domain into a polypeptide. Such modi?cations are Well 
knoWn to those of skill in the art and include, for example, 
the addition of codons at either terminus of the polynucle 
otide that encodes the binding domain to provide, for 
example, a methionine added at the amino terminus to 
provide an initiation site, or additional amino acids (e.g., 
poly His) placed on either terminus to create conveniently 
located restriction sites or termination codons or puri?cation 
sequences. 

Generation of antibody Diversity 

[0094] Antibody diversity refers primarily to the diversity 
of antibody binding sites in a group or library of antibody 
encoding genes. The speci?city of an antibody’s binding site 
is determined by its CDRs (complementarity determining 
regions). Light chains and/or heavy chains of an antibody 
have 3 CDRs (CDR1, CDR2, and CDR3). An immunoglo 
bulin light chain or heavy chain variable region consists of 
a “framework” region interrupted by the three CDRs (hyper 
variable regions). The extent of the frameWork region and 
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CDRs have been precisely de?ned (see, “Sequences of 
Proteins oflmmunologicul Interest,” E. Kabat et al., 4th Ed., 
US. Department of Health and Human Services, Bethesda, 
Md. (1987)). The sequences of the frameWork regions of 
different light or heavy chains are relatively conserved 
Within a species. As used herein, a “human frameWork 
region” is a frameWork region that is substantially identical 
(about 85% or more, usually 90-95% or more) to the 
frameWork region of a naturally occurring human immuno 
globulin. The frameWork region of an antibody, that is the 
combined frameWork regions of the constituent light and 
heavy chains, serves to position and align the CDRs. The 
CDRs are primarily responsible for binding to an epitope of 
an antigen. 

[0095] The diversity of binding sites for a group or library 
of antibodies is thus a re?ection of the diversity of sequence 
in the CDRs, the degree of combinatorial combinations of 
these CDRs in the light and heavy chains, and the degree of 
combinatorial combinations of the light and/or heavy chains 
in a group or library of antibodies. All three of these 
variables may be manipulated to generate a group or library 
of antibodies having a desired level of diversity. Methods for 
generating antibody binding diversity are disclosed, for 
example, in US. Pat. No. 6,096,551. 

[0096] For example, the diversity of an antibody library 
can be increased by shuf?ing the heavy and light chain genes 
(Kang et al., Proc. Nat’lAcaa'. Sci. 88:11120-11123 (1991)), 
or by altering the CDRs of the cloned antibody genes 
(Barbas et al., Proc. Nut’l Acud Sci. 89:4457-4461 (1992); 
Gram et al., Proc. Nat’lAcaa'. Sci. 89:3576-3580 (1992)). 

[0097] Mutagenesis of the CDRs can be done by error 
prone replication, replicative incorporation of degenerate 
oligonucleotides, or by the methods of chemical or UV 
mutagenesis. These methods are Well-knoWn in the art and 
are disclosed, for example, in Sambrook et al. and Ausubel 
et al. 

[0098] PCR may also be used to create amino acid 
sequence variants of the polynucleotides of the invention. 
When small amounts of template DNA are used as starting 
material, primer(s) that differs slightly in sequence from the 
corresponding region in the template DNA can generate the 
desired amino acid variant. PCR ampli?cation results in a 
population of product DNA fragments that differ from the 
polynucleotide template encoding the polypeptide or protein 
at the position speci?ed by the primer. The product DNA 
fragments replace the corresponding region in the plasmid 
and this gives the desired amino acid variant. In another 
embodiment, error prone PCR may be used to generate 
amino acid variants in the polynucleotides that encode the 
antibodies. 

[0099] In another method, polynucleotides encoding the 
antibodies of the invention are changed via site-directed 
mutagenesis. This method uses oligonucleotide sequences 
that encode the polynucleotide sequence of the desired 
amino acid variant, as Well as a suf?cient adjacent nucleotide 
on both sides of the changed amino acid to form a stable 
duplex on either side of the site of being changed. In general, 
the techniques of site-directed mutagenesis are Well knoWn 
to those of skill in the art and this technique is exempli?ed 
by publications such as, Edelman et al., DNA 2:183 (1983). 
A versatile and ef?cient method for producing site-speci?c 
changes in a polynucleotide sequence Was published by 
























